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The role of education and training in the aerospace sector for establishing sufﬁcient levels of absorptive
capacity in newly industrialized countries is substantial and forms a fundamental part of a nation’s
ability to establish and cultivate absorptive capacity on a national or organization-speciﬁc level. Suc-
cessful international technology transfer as well as absorption of aerospace technology and knowledge
into recipient organizations, depends prodigiously on the types of policy adopted in education and
training of all groups and individuals speciﬁcally outlined in this paper. The conducted literature review
revealed surprisingly few papers that translate these vital issues from theoretical scrutiny into re-
presentations that have practical policy value. Through exploration of the seven key aspects of education
and training, this paper provides a practical template for policy-makers and practitioners in Asian newly
industrialized countries, which may be utilized as a prototype to coordinate relevant policy aspects of
education and training in international technology transfer projects across a wide variety of actors and
stakeholders in the aerospace realm. A pragmatic approach through tailored practical training for the
identiﬁed groups and individuals identiﬁed in this paper may lead to an enhanced ability to establish and
strengthen absorptive capacity in newly industrialized countries through the development of appro-
priate policy guidelines. The actual coordination between education and training efforts deserves in-
creased research and subsequent translation into policies with practical content in the aerospace sector.
& 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
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International Technology Transfer (ITT) in the aerospace realm
is a complex subject inﬂuenced by multiple factors [1]. Within
these factors, absorptive capacity (AC) of the recipient country
plays an essential role. Already in the 1980's scientists realized
that the effectiveness of technology transfer (TT) strongly depends
on absorptive capacity of the recipient [2]. An identiﬁed key issue
in AC constitutes the role of education and training. Figure 1 re-
presents a template organizing principal barriers to ITT and AC. It
identiﬁes the position of education and training within the ITT
constellation. This paper discusses education and training in re-
lation to AC in Newly Industrialized Countries (NIC's) in Asia. It
focuses on the transfer of aerospace and space-related technolo-
gies to NIC's and the pivotal role education and training plays in
the establishment of AC in these NIC’s in order to absorb the
transferred aerospace technology and/or knowledge. The content
of this paper is related to Asian NIC’s in an effort to point out the
need for better policies in education and training to be developed.
However, it should be noted that different regional and local as-
pects and characteristics might exist. Lastly, the described guide-
lines and policies may be applicable outside the aerospaceINTERNATIONAL AEROSPACE 
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Fig. 1. The position of education and trainingtechnology realm to other branches of advanced technology
industries.
Aerospace is a high value-added sector and depends on ex-
peditious technological progress and the aerospace industry is one
of the largest high-technology employers [3]. In this paper we use
the commonly utilized operational deﬁnition of the aerospace
industry based on Stekler [4]. The aerospace industry consists of
the development and manufacturing of vehicles, subsystems and
parts essential for both atmospheric and space ﬂight, whether
manned or unmanned as necessary for effective operation in
ﬂights or space. However, in this paper we use a slightly broader
interpretation of the aerospace industry by speciﬁcally including
the civil aviation industry.
It is clear that many ITT projects are carried out without a clear
policy of how to carry out the education and training [5]. Knowl-
edge absorption theories argue that technologically less advanced
countries and NIC’s can substantially upgrade their knowledge
base through active knowledge absorption. Education and training
constitutes an intrinsic mechanism of knowledge absorption and
thus of substantial signiﬁcance to NIC's. How do NIC's acquire
knowledge-based capabilities from more developed countries?
Although there may be various ways to gain new knowledge, theTECHNOLOGY TRANSFER 
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and absorptive capacity in aerospace ITT.
Table 1
Differences between education and training;
adapted from Genderen [25]
Education Training
General instruction Specialized instruction
Long time frame Short time frame
Dispersed attention Concentrated attention
Measured delivery High-intensity delivery
Theoretical emphasis Practical emphasis
Knowledge acquisition Performance skills
Synthesis of ideas Behavioral change
P. van der Heiden et al. / Progress in Aerospace Sciences 76 (2015) 42–5444establishment of international joint ventures (IJV’s) is seen as one
of the most efﬁcient means to learn or absorb technology and
organizationally embedded tacit know-how [6]. From a knowledge
acquisition standpoint, one of the notable strengths of IJV’s is to
access each other’s complementary capabilities between the par-
ent organizations of different national origins and thus inter-
nationally transfer critical skills or capabilities. In their well-cited
paper, Cohen et al. [7], argue that the AC of a country for advanced
technology depends largely on the country’s ability to recognize
and appreciate the value of new, external information/technology,
assimilate it and adopt it successfully. Consequently, the AC of a
given country is, to a large extent, dependent on the country’s
prior knowledge base. Improved chances to successfully apply new
knowledge towards commercial ends, an increased output of in-
novations and enhanced business performance are associated with
a high degree of AC [8]. The contribution of Zahra et al. [9] to
existing AC conceptualizations is of particular signiﬁcance. In ad-
dition to their utilized construct of AC as a set of organizational
routines and processes by which ﬁrms acquire, assimilate, trans-
form and exploit knowledge to produce a dynamic organizational
ability, they identiﬁed two distinct types of AC, namely potential
absorptive capacity and realized absorptive capacity. Potential AC
consists of knowledge acquisition, assimilation (including from
external sources) and activities aimed at the identiﬁcation and
acquisition of new knowledge. Realized AC constitutes knowledge
transformation and exploitation, the distillation of new insights,
acquired knowledge and incorporating the transformed body of
knowledge into operations. Lim [10] distinguishes three types of
AC: (1) disciplinary AC (i.e. acquisition of raw scientiﬁc knowledge
and its conversion into forms useful for solving practical problems,
(2) domain-speciﬁc AC (i.e. the ability the acquire knowledge di-
rectly related to solving those problems in order to produce
commercially useful innovations, (3) encoded AC (i.e. an organi-
zation’s ability to absorb knowledge that is embedded in tools,
artifacts and processes. Hussinger [11] asserts that in ﬁrms with a
signiﬁcant degree of AC, effective communication and integration
schemes to accommodate externally developed knowledge and
novel ideas have evolved over time. These schemes in turn facil-
itate the recognition, integration and exploration of valuable ex-
ternal ideas and knowledge. Education as part of human capital
investment is directly improving economic output levels of a
country by enhancing education and the skill level of the labor
force, as emphasized by Lai et al. [12]. Whilst contemplating Chi-
na’s economic growth, they argue that human capital investment
indirectly promotes economic growth by augmenting the re-
cipient’s country AC and Research and Development (R&D) efﬁ-
ciency. They also state that the rate of return to human capital
investment should be enhanced by encouraging investment in
education and training. Similar ﬁndings were drawn from the
study by Girma et al. [13] who found that Chinese ﬁrms investing
in the provision of formal training for their employees beneﬁt
more from inward foreign direct investment. Sound policies to-
wards the advancement of education and human capital will en-
hance AC, which provokes sustainable growth [14]. In a recent
paper on AC, Miguélez et al. [15] show how AC mediates the role of
external knowledge ﬂows on regional innovation.
Given the importance placed on learning capacities by both
transferring and recipient organizations alike, various factors that
might affect the knowledge acquisition have been examined [16–
18]. These empirical studies have shown that AC is a critical factor
impacting on the process of knowledge acquisition [7]. According
to these studies, AC is a prerequisite for organizational learning in
the sense that it refers to internal resources that strengthen an
organization’s ability to understand, assimilate and apply new
knowledge to commercial ends. Thus, the acquisition of new
knowledge is the product of organizational capabilities enabling aﬁrm to promptly recognize and adequately digest external sources
of new incoming knowledge that replaces or amends existing in-
formation. Murovec et al. [19] distinguish two dimensions of AC:
science-push AC based upon scientiﬁc information (i.e. universities,
non-proﬁt research institutes, and commercial R&D institutes) and
demand-pull AC based upon market information (i.e. customers,
suppliers, competitors etc.). Their research identiﬁed internal R&D,
training of personnel, innovation co-operation and attitude to-
wards change to be the most signiﬁcant determinants of AC.
The role education and training plays has been shown to con-
stitute a principal determinant of knowledge absorption which is
signiﬁcantly correlated with AC [20]. In this context it is important
to point out that there is a difference between training and edu-
cation/teaching [5]. Training changes skills and abilities. Educa-
tion/teaching results in a change of knowledge. In an exploratory
study, Vega-Jurado et al. [21] found that the share of workers with
higher education degrees are positively correlated to con-
ceptualizations of potential and realized AC [9]. Their results de-
monstrate that organizational knowledge obtained through edu-
cation of personnel is positively altering the ﬁrm’s AC. Education
and training improves the entrepreneur’s ability to acquire, as-
similate and apply knowledge in order to advance the survival and
competitiveness of small business [22]. Clausen [23] accentuates
the pivotal role training, educational level of the workforce and
internal R&D constitute as his study suggest that investing in these
three domains will enable and spur innovation. Ouadahi [24]
perceives training as a way to change the attitude of users towards
adopting and accepting new technologies, as it is paramount for
the effective usage of such technologies.
It is important here to make a distinction between the terms
education and training as utilized in this paper. The objectives of
education comprise the process through which an individual gains
understanding of a subject, so that he or she may form in-
dependent opinions, establish priorities, understand and discuss
the methodology, the utilized techniques and their applications.
Education is primarily concerned with the development of mental
ability and mental power, thus pertaining to the attitude of per-
sons. Conversely, the objectives of training are primarily to teach
individuals to carry out speciﬁc tasks based upon an accepted
methodology and for which known techniques are available. Un-
derstanding of the context is not always required; often only the
ability to apply the technique is needed. Knowledge of the subject
as a whole may not be imperative. Training brings the individual to
a desired standard of efﬁciency and is achieved through instruc-
tion and practice. The speciﬁc differences between training and
education are listed in Table 1.
Education and the so-called continued education programs
aimed at keeping pace with evolving aerospace technologies are
likely to be more effective than traditional training tasks. They
create the awareness, ﬂexibility and motivation necessary to ad-
just to rapidly changing conditions. Task-orientated training will
alter equally quickly because of the inherent nature of the fast-
paced evolution of new technologies. As Klauss [26] has noted, it is
P. van der Heiden et al. / Progress in Aerospace Sciences 76 (2015) 42–54 45evident that both the selection of a technology and its subsequent
strategy of transfer to developing countries have to be very care-
fully considered. This is speciﬁcally relevant to aerospace tech-
nology and related industry, which relies on a sophisticated and
broad knowledge base and innovation [27]. Developing countries
are compelled to make difﬁcult choices concerning the selection of
technology, their suitability and appropriateness to the economic,
social and political climate. It is imperative to formulate guidelines
and clear policies on the education and training requirements in
ITT of aerospace technology to NIC’s in order to enhance the AC of
the recipient countries. A substantial pool of researchers has re-
ported that government policies supporting broad-based, high
quality education are common features behind the rapid growth of
the Asian economies [17,28] and identiﬁed six of the main key
variables in the transfer of technology: Trainee characteristics,
information technology facilities, trainer competency, training
methodology, work culture, and organizational management.
This paper examines the seven key aspects related to education
and training in aerospace technology transfer to NIC’s. It is based
on three sources of information, namely the authors’ cumulative
experience in education and training in the aerospace sector of ITT
in Developing Countries, on an extensive literature review and on
a detailed Internet search of educational establishments in the
Asian region. The seven issues identiﬁed as a result of using the
three sources mentioned above are: (1) identiﬁcation of the
groups or individuals who require training; (2) the number of
individuals who need to be trained; (3) training location;
(4) duration of the training; (5) what types of training are re-
quired; (6) who should train the groups or individuals and (7) who
should ﬁnance the training. All of these aspects require clear po-
licies to ensure the success of education and training programs.
They are discussed in the following sections. The paper concludes
with a number of observations and recommendations to improve
policies in the education and training of personnel in the aero-
space ﬁeld in NIC’s.2. Aspects of education and training in aerospace technology
This section provides a detailed analysis and discussion of the
above-mentioned seven aspects related to education and training
in ITT of aerospace technology to Asian NIC’s.
2.1. Groups and individuals requiring training
Most NIC’s are still at various stages of institutional develop-
ment in which a relatively large number of personnel at various
levels and in different categories are to be trained for speciﬁc skills
in a short period of time. Technological progress tends to increase
the relative demand for skills and education [29]. Marked differ-
ences in the level of socio-economic and institutional develop-
ment occur between regions and countries in the Asian region.
This is reﬂected in the number of personnel needed for the various
categories and the levels of functions requiring education and
training. It is also reﬂected in the degree of dependence on outside
education and training facilities for aerospace personnel. Based on
the authors’ experience of education and training in Asian NIC’s,
educational and training programs are required for at least the
following categories of persons, as discussed below.
2.1.1. Decision-makers and planners
These include politicians and senior ofﬁcials who should have a
general awareness of aerospace technology and their practical and
policy aspects. Quite often the most veritable actors in ITT are
overlooked. Senior decision makers in government, industry, and
donor organizations make decisions about future direction,infrastructure and stafﬁng needs. Kumar et al. [30] divide the
important actors in creating an institutional infrastructure in two
broad groups, i.e. government and business. They emphasize the
decisive role governments play in the creation of an educational
infrastructure, which is a crucial prerequisite for the establishment
of a skilled manpower base, thus building local capabilities. While
the aerospace community has been relatively successful in cap-
turing the imagination of technical and middle management per-
sonnel, it has not been as successful in conveying the potential
beneﬁts of aerospace technology to top management. At this level,
arranged appointments, one-to one interviews, luncheons, and
short demonstrations matched to the speciﬁc needs of the client
organization may constitute better avenues for communication
than short courses, workshops and lectures. The latter are more
appropriate strategies for capturing the commitment of those who
will undertake the actual implementation of the technology
transfer, namely, the professional, para-professional and techni-
cian groups. Strategy development has to target particular user
and management groups. It provides them with speciﬁc informa-
tion relevant to their needs in addition to maintaining a high
proﬁle for technology transfer in the general work place. Seminars
for decision makers of two to ﬁve days duration have shown to be
very successful educational tools. These seminars discuss issues
that support the preparation of relevant aerospace policy
proposals.
2.1.2. Opinion leaders
This group comprises of individuals such as leading scientists
and directors of government space programs who are inﬂuential in
approving or disapproving such new methods as advanced aero-
space technology. Early adopters of aerospace innovations and
technology may or may not inﬂuence other organizations and
individuals to adopt a given innovation. Innovation diffusion (and
its subsequent adoption) is not originating from individual het-
erogeneity, as it fundamentally constitutes a social process [31].
Therefore the active advocates or rejecters and their inﬂuence on
stimulating or discouraging technological change among opinion
leaders cannot be underestimated. Apart from the spread of new
ideas or active opposition, opinion leaders have a unique and in-
ﬂuential position in their social system’s communication structure
as they are operating at the heart of interpersonal communication
networks [31]. Inﬂuential people and their opponents are opinion
leaders who disseminate information about the consequences of a
particular innovation, hence affecting adoption decisions in both
positive and negative ways [32]. Thus it is important to reach and
train opinion leaders, as they can exert personal inﬂuence through
their communication networks on others. This is especially im-
portant at the evaluation stage in the process of adoption of new
technology such as provided by ITT of aerospace technology. Once
these opinion leaders have become informed on the beneﬁts of a
particular aerospace technology, training this group has a marked
snowball effect, i.e., the number of new individuals and organi-
zations adopting aerospace technology in each time period in-
creased in proportion to those individuals already converted.
2.1.3. Managers
Managers work in institutions, agencies and private enterprises
and should have sufﬁcient technical background to coordinate
activities regarding the transfer of technology mechanisms to
ensure sufﬁcient AC. Cetindamar et al. [33] highlight the im-
portance and diversity of technology management in their tech-
nology management framework. The framework establishes con-
ﬁnes and relationships between other relevant management
principles associated with innovation by classifying technology
management activities in two distinct categories, i.e. primary/core
and supporting activities such as knowledge management.
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and private enterprise operate along these core and supporting
activities and play pivotal roles as such. They should have sufﬁ-
cient technical background to coordinate activities regarding
speciﬁc applications. Therefore they should be able to establish
policies, facilities and infrastructure needed to adopt new aero-
space technology.
2.1.4. Professionals
Professionals are part of aerospace institutions, space agencies
and private aerospace companies. They should have sufﬁcient
technical knowledge and background in order to work in an en-
abling environment that allows for sufﬁcient levels of AC of which
they form an integral part. A training program, covering all aspects
and dimensions of aerospace technology, should be structured in
order to match the existing experience and employment levels of
those seeking training. Training for professional and para-profes-
sional personnel should be aimed at providing practical experi-
ence in the design and implementation of projects based upon the
absorption of new technologies. However, not all participants at
this level need to be proﬁcient in the ﬁeld as this would be the task
of the next category, the engineers and technicians. In the com-
mercial realm, strategic training, which is deﬁned by Boothby et al.
[34] as those types of training whose provision is most inﬂuenced
by an adopted advanced technology, beneﬁt professionals. They
found that ﬁrms absorbing advanced technologies with the si-
multaneous provision of strategic training stimulate productivity
performance.
2.1.5. Engineers and technicians
Engineers and technicians operate at various levels. They
should receive instructions in various disciplines and aspects of
aerospace technology. Engineers and technicians should be re-
sponsible for technical support staff, construction, operation and
maintenance of facilities and equipment and which need manuals
with instructions-for performing technical tasks. This category
also includes technical support staff who are responsible for the
construction, operation and maintenance of facilities and equip-
ment and who need manuals with instructions for performing
technical tasks. In their efforts to improve education and training
for aeronautical engineers, Crawley et al. [35] have deﬁned the
principal responsibilities of engineers to execute a sequence of
tasks in order to design and implement a product, process or
system within organizations. Their Conceive–Design–Implement–
Operate initiative offers a valuable template to structure education
and training in aerospace organizations. Technician-level training
may require instruction in the methods of collecting relevant la-
boratory data, conducting detailed measurements and under-
taking the production of operational manuals, quality control
manuals and the establishment of standards. Support staff mem-
bers in many aerospace organizations who are either insufﬁciently
trained or often not trained at all, thus creating a widening
knowledge gap and increased misunderstanding between in-
dividuals within this critical category. Hence there is a need for
clear guidelines/policies prior to starting the training program.
2.1.6. Researchers
They should develop interdisciplinary approaches in their work
and possess in-depth knowledge on several aspects of aerospace
technology. Further progress is impossible without continued re-
search or as [36] puts it “research is a kind of investment–in-
vestment in technology”. Researchers ought to develop appro-
priate interdisciplinary approaches in their work and possess in-
depth knowledge on several aspects of aerospace technology
speciﬁcally related to the local environmental/cultural conditions
in Asia and to local needs. Researchers can also contribute to thetransfer of aerospace technology by means of joint publications
with industry experts, and by means of doing consulting projects
in aerospace organizations. This perspective has been discussed in
detail by Link et al. [37].
2.1.7. Teachers
Teachers are responsible for the education and training of the
various groups of personnel in the aerospace industry that should
have an insight in technical matters and in related aerospace sci-
ences, and experience in educational technology and curriculum
development, and especially on the transfer methods of such
technology. Teachers involved in the education and training of
various relevant groups and individuals should have afﬁnity with
technical matters and space sciences, experience in educational
technology and curriculum development. This category beneﬁts
most from training as it has the highest multiplier effect and spin-
off beneﬁts (‘train the trainer’). Each teacher trained in the use of
aerospace technology in turn trains tens of people each year in the
principles of the technology and how it can be used for further
advancement in Asian NIC’s. Many alumni of courses in the West
possess adequate knowledge to teach and train personnel in their
country of origin. However, the lack of teaching aids, demonstra-
tion equipment and learning packages may hamper educational
activities. When these shortcomings can be removed, the potential
resources of national instructors, teachers and professors can be
better exploited. The introduction of new (social) media and
methods may well act as a multiplication factor. In order to train
teachers a number of policy issues need to be resolved. These is-
sues require sound policies as listed below.(1) Structure of aerospace education and training programs, in-
cluding their contents, language, scope, cost and duration;
scope of programs (intensive and comprehensive);(2) Means of keeping programs current so that participating per-
sonnel can be kept abreast of developments in their dis-
ciplines, this is particularly important in the rapidly develop-
ing aerospace realm;(3) Source and manner of acquiring/developing teaching materials
and equipment;(4) Compensating for the absence of relevant materials and ap-
propriate equipment at the local level;(5) Assuring control of quality and effectiveness of what is being
taught;(6) Identiﬁcation of speciﬁc institutions capable of housing the
teacher education programs;(7) Determination of the minimum basic background required of
potential participants so that upon the conclusion of their
education they would be capable of effectively using the newly
acquired knowledge.An additional issue is that many university staff in Asian NIC’s
who already have appropriate qualiﬁcations such as PhD’s and
who are reluctant to consider undertaking additional periods of
long-term training in aerospace technology, may be able to obtain
the necessary skills through sabbaticals, occupational leave pro-
grams, on-line programs, short courses etc. However, academic
staff with bachelor and masters qualiﬁcations is keener to explore
the possibility of extended training in this ﬁeld, and should be
enabled to do so by their institutions [22].
2.1.8. Students
These are members of schools, colleges, universities, etc. While
there will always be a market for the specialist short courses, in
particular those dealing with new and advanced procedures in
various aspects of aerospace technologies, long term beneﬁts are
most likely to accrue from programs aimed at training
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aerospace companies and government institutes. This requires
setting up appropriate policies and infrastructure at the university
and technical college level of instruction and will be discussed
later in this paper. Mayorova [38] points out that the most im-
portant way to ensure increased quality of training is continuous
education whereby highly qualiﬁed experts are prepared by of-
fering personality-orientated approaches, allowing them to de-
velop selected key competencies and professionally important
personal qualities. Expansion of such programs to the level of
education on secondary school level should be given consideration
as it may positively inﬂuence future study and career choices of
students thus optimizing the recruitment for the many technical/
operator level personnel required in aerospace and space projects.
When students accomplished their studies, the gap to the required
personnel potential for aerospace and space companies has to be
bridged as modern market dynamics for intellectual labor dictate
satisfaction of the market requirements. Conversely, developing
nations should also ensure that graduates have sufﬁcient oppor-
tunities within the economy in general and the aerospace realm in
particular. Saravia et al. [39] emphasize the implications of a ‘brain
drain’ when career and educational opportunities are lagging be-
hind. They argue that the departure of large numbers of a devel-
oping nation’ most competent and innovative individuals slow the
establishment of the critical mass needed to generate the enabling
context in which knowledge creation and innovation occur. Fur-
thermore, in order to prevent a perpetuated brain drain from de-
veloping countries, they advocate the need for bold and creative
strategies with the aim to create opportunities at home, backed by
strong national policies in these countries. These opportunities
should be created through a strong focus on R&D, based upon
national priorities and niches of opportunities.
2.1.9. The general public
Stakeholder groups, which may have a relevant role to play in
the aerospace ITT process, if applicable, also need training. All
sections of society need to be informed on how knowledge is ac-
quired and used to make decisions as they affect living standards
and life styles. Indeed, the cause of technology transfer would be
greatly enhanced if the general public were kept more aware of
the value and utilitarian characteristics of aerospace and space (for
example: within the Global Positioning System, and in Earth ob-
servation for natural disaster mitigation) technologies in solving
problems related to the management of Earth’s resources, plus the
considerable spin-off beneﬁts in other high technology ﬁelds. In-
formation seminars, public demonstrations, interviews, news-
paper articles, internet and television should therefore assume an
importance equal to some of the more deliberate strategies, such
as the targeting of political leaders, funding agencies and potential
user groups in order to promote the use and implementation of
aerospace technology in Asia.
Additional concerns may exist over the selection of the ap-
propriate individuals who need to be trained. As Hastings et al.
[40] have pointed out, one has to be very careful to train the right
groups of people. Whilst staff of research institutes, universities
and those in the private aerospace industries are usually better
paid, have better beneﬁts, sophisticated equipment and therefore
often more talented, motivated and better-trained people, in many
Asian countries the traditional civil service are holding the op-
erational mandates for its national aerospace programs. Func-
tionally, these civil services are the most logical bases for aero-
space technology transfer, even if they are severely limited in their
ability to support a highly technical program requiring continuity
of personnel and activities. Aerospace technology transfer pro-
grams and training must therefore address the issue of ensuring
sufﬁcient infrastructure support to keep the transfer processeffective long after the initial training and implementation.
2.2. Number of trainees
Most developing countries are still at various stages of in-
stitutional development in which a relatively large number of
personnel at various levels and in different categories are to be
trained for speciﬁc skills in a short period of time. This has been
known for a long time [41] and has been reconﬁrmed as a result of
this research. In addition, education and training is required to
establish or modify professional infrastructures. Marked differ-
ences in the level of socio-economic and institutional develop-
ment occur between Asian regions and countries. This in turn is
reﬂected in the number of personnel needed for the various ca-
tegories and levels of functions requiring education and training. It
is also reﬂected in the degree of dependence on outside educa-
tional or training facilities. Although hard ﬁgures on personnel
requirements for the 21st century are difﬁcult to ﬁnd [42], three
principles can be used by individual countries or groups of coun-
tries to determine a number or at least to make an educated guess
about it. The principles are based on(1) The idea of critical mass;
(2) Cross-border co-operation; and
(3) Evaluation of the numbers cited by other authors in the pro-
fessional and scientiﬁc domainCritical mass is an idea originated in nuclear physics where a
chain-reaction will only occur if the mass of the ﬁssile atoms is
above a certain value: the critical mass. It is an established para-
meter in education and knowledge transfer [39]. The idea applies
here in particular to the creation of a small team of experts, en-
gineers and technicians for aerospace technology in an Asian
country. Two or three persons are usually insufﬁcient to really
have an impact on a new ﬁeld or on a new technology in an es-
tablished department or institute. Based on the authors experi-
ences gained in India, teams of about 50 to 100 persons at different
levels and in diverse disciplines are required for local centers to
support digital mapping departments in each of the federal states
of the Indian subcontinent [43].
Several developing countries in Asia, such as Bhutan, Nepal or
Brunei are far too small to adhere to the idea of critical mass in
their national space agency. In such cases, multinational co-op-
eration may offer a solution, for example: (a) a regional center
providing all necessary functions for a group of nations (the Re-
gional United Nations Space Centre in Asia), or (b) an international
center providing functions in certain ﬁelds of aerospace technol-
ogy and its applications. It is important to note that marked dif-
ferences exist among Asian countries in terms of size, population,
economic development and technological capacity. Based on 2013
ﬁgures, produced by the International Civil Aviation Organization
(CIAO) [44], the Asia/Paciﬁc civil aviation industry still constitutes
the world’s largest growth region with a 32% share of total capa-
city representing an increase of þ7.0% over 2012. Given the fast
growth pace in the region, some Asian countries have developed
the full range of design and manufacture and supporting activities
whilst others are limited to lower level assembly and/or non-es-
sential parts manufacturing and maintenance. Hence, it is ad-
visable to consider three additional factors:(1) Structural change that the new technology will have on es-
tablished organizations, methods and products;(2) Relation between the total population of a country and the
critical mass idea. Several Asian countries fall in the popula-
tion range of 100–1300 million. However, many other Asian
countries fall in the 30 to 3 million and several in the 3–0.3
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should be applied with the greatest care;(3) Difference in the population structure (population pyramid):
the developed countries, for which the rule holds, have a low
percentage of young people, whereas in many S.E. Asian
countries, 40 per cent of the population is under the age of 16
years [45]. On the basis of the above approach for estimating
personnel, it should be possible to estimate the required ca-
pacity and the programs for education and training in aero-
space technology for the short-term and long-term in Asia.Three rules of thumb can be used in this context, as ﬁrst for-
mulated by Genderen [46]. The ﬁrst rule is that, in case of an es-
tablished department or organization with a constant number of
employees, the educational program, including refresher and up-
dating courses (‘recurrent education’), should be sufﬁcient to cope
with at least 10% of the personnel annually in order to compensate
for attrition due to departure, retirement or transfer.
The second rule is that, in order to establish a new department
or organization, the annual educational program should be large
enough to cope with about 30 per cent of the personnel to be
employed for full operation, depending, to some extent, on the
number of years (e.g. ﬁve, seven, ten) it will take to arrive at this
stage. The effective capacity needs to be large due to the fact that
not all trained persons will eventually be holding jobs involving
their subject of study. Moreover, as long as the critical mass has
not been reached, the number of dropouts is relatively large. The
percentage may even have to be raised to 40% in certain situations.
The third rule refers to cases which lie between the situations
described above: the rapid introduction of a promising technolo-
gical innovation in an existing department or organization by
means of educational programs should allow for an annual
throughput of about 20% of the number of employees who will
ultimately apply the innovative technology in their conventional
work. In an interesting and relevant paper on the required man-
power for the aerospace industry, Bates [47] points out that over
the last decade several organizations have generated statistics and
conducted studies on the status of the aerospace industry’s man-
power requirements. According to Bates all these studies point to
the same conclusion that a serious shortage of qualiﬁed and
competent personnel substantially impacts the safe, secure and
efﬁcient operation of the aerospace sector. Yue [48] states in her
article in the ICAO Training Report of 2012 that for maintenance
personnel there is an annual global demand of some 70,000. At the
same time she points out that there is an alarming annual training
capacity shortage for maintenance professionals of over 18,000.
Personnel must not only be trained to do a job, but must also be
motivate to perform it to the highest standards. Staff motivation is
inﬂuenced by various factors. First of all there is the perceived
status of job, which includes the salary level when compared to
other opportunities, the level of technology used, the physical
conditions of the work, any publicity given to the job location, and
others. Motivation is also inﬂuenced by apparent career opportu-
nities and feedback on performance [49]. The staff member should
receive clear indications on the difference between a good and a
poor performance, and on the value that is attached to the highest
work standards. Another aspect is the opportunity for self-
achievement. If the administration aims at high interest among its
most promising staff members, it should provide opportunities for
further individual study and discussions with national and inter-
national specialists.
It should be recognized that the labor market in aerospace
technology is highly competitive. Skilled staff that are dissatisﬁed
with their employment conditions are very likely to ﬁnd better
opportunities in some other company, organization or country.
International co-operation, leading to more uniformity in skilllevels and employment conditions, could result in more staff sta-
bility and improved performance. In many cases, maintenance
deﬁciencies can be traced to the lack of proper tools, measuring
instruments, materials or equipment. It should be stressed here
that training is only one condition for proper operation and
maintenance in any technical organization. Training should be
complemented with proper management procedures ensuring
that the necessary means for carrying out each job are con-
tinuously available. With respect to the continuity of service, the
management of spare parts also plays a critical role. Proper at-
tention has to be given to these aspects at an early stage of for-
mulating the policy for the planning phase of any transfer of
technology project.
2.3. Location of the training
In terms of location there are basically three major options
namely training in Asia; overseas training and on-the-job training
within the organization itself. Each of these three options is dis-
cussed below.
2.3.1. Training in Asia
With respect to local training there are different options: Re-
gional (international), national, sub-national or on-the-job train-
ing within the organization itself. The majority of aspirant-trainees
need speciﬁc types of training at rather low levels; the required
training facilities should be available in every country and can
even be located at provincial or local centers. A smaller group
needs medium-level training, preferably with multi-disciplinary
input; the required educational facilities could be national or re-
gional when it offers distinct advantages. The smallest group
needs high-level education aiming at both specialization and in-
tegration, with emphasis on the consequences of technological
innovations. The required educational facilities should, for reasons
of efﬁciency, be regional or international, in particular for those
Asian countries with relatively small populations [50]. In Asia
there are a number of regional centers such as the Institute of
Technology, Bandung, the Indian Institute of Remote Sensing and
the U.N. Regional Centre on Space Technology, both in Dehradun,
India. The Asian Institute of Technology in Bangkok, Thailand is
another well-established regional technology center. The principal
goals of these centers are the development of the skills and
knowledge of university educators and research and applications
scientists, through rigorous theory, research, applications, ﬁeld
exercises, and pilot projects in those aspects of space science and
technology that can contribute to sustainable development in each
country. Many examples of such training programs to NIC’s can be
found in Jansen et al. [50] and in Bath et al. [51].
At the national level, national aerospace centers and remote
sensing centers are in place in several Asian countries, mainly in
the more developed countries such as China, Japan, India, and
South Korea. Countries such as Thailand, Indonesia and Malaysia
are increasingly catching up. At the sub-national level universities,
regional, provincial training institutes have important roles to
fulﬁll but all require infrastructure, equipment, and personnel etc.
in order for them to be able to assist in meeting the aerospace
training requirements. On-the-job training during transfer of
technology projects, pilot projects or other low-cost interventions
is a useful training mechanism. In-service training courses have
added advantages because the teaching materials are speciﬁcally
related to the local conditions and needs, larger groups can be
trained in order to reach critical mass, costs are relatively low, and
the teaching can be done in the local language. For further details
about such regional and local level centers, the reader is referred
to the International Civil Aviation Organization’s excellent series of
training reports, e.g. ICAO [52].
Table 2
Educational learning versus on-the-job training; adapted from Summer et al. [53]
Educational learning On-the-job training
Emphasis on Acquisition of basic facts
and skills
Result orientated: getting the
job done
Ultimate goal Possessing knowledge Development of best practices
Type of
knowledge
Static, de-contextualized,
general
Dynamic, situated, practice-
orientated
Mode of learning Following a set
curriculum
Arising from and embedded in
work situation
Learning scope Primarily individual Individual, group, organization
Time span Long time duration,
usually ﬁxed
Varying between long and
short timeduration, usually
ﬂexible
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Sending Asian staff overseas for aerospace training has both ben-
eﬁts and disadvantages. The beneﬁts include the availability of well-
equipped training centers, highly qualiﬁed/experienced teachers, a
wide variety of aerospace technologies and types of equipment
available in order to select relevant ones, the availability of multi-
disciplinary, interrelated programs, the beneﬁts of international con-
tacts and exchange of problems with students from other countries
and efﬁciency of scale, and costs. On the other hand there are dis-
advantages in choosing the overseas option. First of all only a few
individuals per country can be trained abroad each year. Upon return,
trained individuals are often promoted to positions where they no
longer beneﬁt from their overseas training. In addition the training
material might be of less relevance to the local conditions of partici-
pants. Furthermore participation is often restricted to the availability of
fellowships and courses can focus too much on technology. They tend
to exclude necessary social and political aspects for effective transfer
and use of aerospace technology. The Japanese government has been
carrying out many training programs in South East Asia since the
Second World War, and uses both overseas training and in-country
training (Fig. 2). They have trained some 175,000 people in Japan, and
194,000 in the developing countries.
2.3.3. On-the-job training
Summer et al. [53] have demonstrated through empirical stu-
dies into professional practice that learning is inextricably relatedODA-FUNDED
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Fig. 2. The Japanese Approach, adapted from The Overseas Humto working and learning is therefore intrinsically embedded in
ongoing work activities. They argue that professionals have to
engage in continuous learning to apply existing knowledge to
routine or innovation and to conceive new knowledge in antici-
pation of a changing workplace situation. Training on-the-job is
fundamentally different from the classical notions of educational
learning (Table 2).
On-the-job training in aerospace technology is essential. It
provides the ﬁnalization stage of classroom and laboratory train-
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learns to apply the formally acquired skills in the wide variety of
tasks and problems which confront the specialist. Exercising them
on a frequent basis is the best way to learn the necessary skills and
competences. On-the-job training uses available personnel and
equipment resources and does not require special training staff or
accommodation, is speciﬁc to local needs and the trainee is pro-
ductive on the job. It is particularly relevant where practical
training far outweighs theoretical study, as in the training of
techniques, maintenance, and quality control procedures. The risk
is that on-the-job training may be used by default as the ‘natural’
training method where more structured training with a sound
theoretical foundation is really required to produce fully rounded
specialists. The utilization of supervisors with indifferent abilities,
narrow training characterized by signiﬁcant gaps in skill or
knowledge and the lack of objectively measured effectiveness of
trainings carry additional risks. Advantages of on-the-job training
include its low costs since there are no travel or daily expenses.
The resources are generally available, and the training is highly
relevant to the actual work environment. The necessary skills are
learned through practice and productivity. However drawbacks of
on-the-job training include the fact that its effectiveness depends
on the quality of supervision. Other limitations are available work
content/load and the training could be too speciﬁc or narrow. A
potential lack of deeper theoretical understanding and the effec-
tiveness of the training may not be measured. According to Haritos
et al. [54] future trends in aviation maintenance cannot be met in
terms of the training requirements utilizing on-the-job training.
A successful on-the-job training comprises a well-designed
training plan, which deﬁnes the skills to be learnt, objective
measurements of successfully acquired skills by observation or
test, a detailed description of the work content covering the re-
quired ﬁeld, a well-trained work supervisor, skilled in the topic
with teaching qualiﬁcations and adequate theoretical under-
standing to support the practical training. Aerospace and space
technology is of limited use in Asia without a long-term com-
mitment of recipients, vendors, and donors to system support,
maintenance and hands-on training. The equipment employed
should be local as much as possible and must survive the initial
period of enthusiasm over the new system. Local Asian training
should include: applications training for local scientists and
technicians on local technology needs; hardware system support
training for local technician including basic diagnostics and minor
repairs; orientation for managers and resource scientists so that
they may know the potential of the tools available to them
through their staff and colleagues. A series of mobile/roving
courses can be very effective, i.e., ﬁve-day seminar/course/work-
shop training for decision makers can be given in each Asian re-
gion or country. Once the contents are established, only minor
changes are required to adapt it to local circumstances [55]. Such
in-house courses can be devised for each of the ten categories of
people needed to be trained in Asia-each with its own time span
(from a few days for senior decision makers to several months or a
year for technician level training and with its syllabus designed to
the particular user needs of the local client.
Yet, the contours of transformative changes in aerospace en-
gineering, education and learning are conspicuously emerging on
the horizon. In his future outlook, Noor [56] argues for the need of
a holistic approach towards aerospace education and training be-
cause of the rapid development and challenges of leading-edge
technologies such as cloud and petascale/exascale computing, in-
telligent autonomous robotics, artiﬁcial intelligence, Big Data,
virtual and augmented/enhanced reality and the blurring and
widening of (inter-) disciplinary boundaries. He further empha-
sizes that the post information age, the arrival of the intelligence
era, the sophistication of new digital and visual media will requireup skilling and reskilling of existing and new workforce in the
aerospace realm. In addition, mobile technologies increasingly
offer new ways of truly ubiquitous learning (mobile learning or m-
learning), providing maximum ﬂexibility to students and profes-
sionals alike and allowing these individuals to access educational
or training content through mobile devices such as cell phones
and tablets where and whenever they like. Advantages of
m-learning include: situational learning (i.e. on ﬁeld, at work),
personalized learning and stimulation of individual autonomy,
exploration of new technologies and innovative practices and it
can be used to complement other forms of learning [57].
2.4. Length of the training
The type and level of aerospace training requirements should
be speciﬁed in accordance with short-term and long-term objec-
tives of the international technology transfer. For most categories
of personnel, in-depth education and training is required. The
objectives should be to provide scientists and the technical sup-
port groups with the necessary background knowledge and skills
required to understand each component of the aerospace tech-
nology being transferred. Under the prevailing conditions, devel-
oping countries on the whole need both short-term and long-term
programs to fulﬁll their various requirements. Actually, most in-
ternational, regional and bilateral technical cooperation programs,
despite providing large sums of money, are geared to short-term
objectives. This is exempliﬁed by the Japanese Human Resources
and Industry Development Association (www.hidajapan.or.jp/en).
This attitude is ofﬁcially criticized by only a few agencies. Devel-
oping a viable national or regional capability in aerospace tech-
nology requires a commitment to provide on-going training to-
gether with the establishment of appropriate infrastructure and
facilities. So much of the aid-sponsored training programs and in
particular the one-off type short courses, suffer from the inability
of both the contributing and participating agencies to follow-up,
reinforce and extend the training of those involved in the initial
courses. Therefore, much of the learning is dissipated and the
momentum for adopting new aerospace technologies lost because
the participants from these courses return to their own organi-
zations without any real opportunity for implementing the
methodology or for continuing their training in this ﬁeld. From an
internet search on the length of courses offered by the Universities
and other training organizations in Asia, it appears that they have
a duration varying between ﬁve days and four years, depending on
the level of training: The most common types of courses found
during the extensive internet search are listed below:(1) Short (ﬁve days) courses/seminars/workshops for senior de-
cision makers;(2) Two-four weeks introductory courses to professionals;
(3) Two to four months courses to professionals;
(4) Six-twelve months courses to professionals and technicians;
(5) One to two years: MSc degree in aerospace technology;
(6) Two to four years: PhD degree.2.5. Types of training
Principles and procedures, applications, and the integration
with other information technologies as well as security and safety
issues form the essence of training in aerospace technologies [58].
This can be done by lectures, laboratory exercises, simulations,
hands-on experience, project applications, handbooks, pro-
grammed learning packages, audio-visual aids and a wide variety
of other teaching tools available today [59] Training needs cannot
be expressed in numbers alone. Consideration must also be given
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nees and the training facilities required. The educational system
must train large numbers of trainees, with wide variations in so-
cio-cultural background and experience and train them in a ﬁeld
where very few organizations have the required know-how and
experience. On-line training courses are becoming more popular,
as neither the participants nor the teachers need to travel. The use
of such an approach allows one to use many teaching resources
such as graphics, video, examples, case studies, etc. As nicely
presented by Slim [60], story-telling via on-line training to parti-
cipants in NIC’s, can help to simplify complex topics, such as
aerospace, and enable one to adapt to any unexpected or un-
comfortable cultural situations during the transfer of technology
training.
In order to stipulate a training program, it is necessary to re-
view or prepare the organization chart as well as the existing and
planned technical systems [24]. In addition, a list of jobs for which
training is required is needed, followed by an estimation of the
number of staff required in each job. A personnel survey de-
termines likely sources for recruitment, education and training
received, experience and language ability in order to identify any
required remedial training. A job analysis for each of the jobs
identiﬁed above further speciﬁes the detailed training needs. For
this critical step, the co-operation of equipment manufacturers,
administrators and experts in task analysis is usually required. In
this context international co-operation can be extremely useful
since the experience of other administrations in the operation and
maintenance of similar equipment can be taken into account. The
organization of the training program will depend on the job ana-
lysis carried out as indicated above, and on the entry level of the
trainees. Thus it is clear that a well-prepared aerospace policy is
required in order to ensure a successful education and training
program. Training methods can be many, including lecturing, self-
study, tutoring and laboratory exercises with model equipment.
However, training cannot be complete without practical on-the-
job training under close supervision by experienced staff, as
mentioned above in Section 2.3.3. This requirement and the low
numbers of staff to be trained for any one location (no more than a
few per year after the ﬁrst staff group has been trained) lead to
speciﬁc demands on the training program. Individualized training,
accompanied by group support, is highly desirable. This includes
programmed learning, audio-visual learning aids and simulated
practice. Experience with distance learning approaches based
upon structured reading, tasks and case studies with tutorial
feedback show that the process could be very effective. E-learning
approaches are becoming increasingly used to improve the situa-
tion [61]. Experience has shown that publication of the teaching
materials forces the educators and trainers to increase the quality
of the lecture notes, exercises and case studies. The following
sections summarize the most commonly used training methods
used by the major training centers.
2.5.1. In-house training
In-house training offers timely instruction, which may be pre-
sented to offer the highest level of insight into work related pro-
blems. However, this type of training may threaten the production
capabilities of the organization by restraining valuable employee
resources while the training is being conducted.
2.5.2. Vendor training
The vendor is the most qualiﬁed to provide training for a
vendor-supplied aerospace product. Most major vendors have an
experienced training staff, good facilities, and the ability to ac-
commodate special group requirements. Unfortunately, the vendor
is often not familiar with the employee work environment and
cannot offer work related examples. Large automation programsresulting in the acquisition of numerous, multi-vendor products
may result in the need for many separate vendor-training classes.
This approach may be cost prohibitive and will lack a cohesive
training focus. Alternatively, a contractor may be sought who can
provide a complete training plan for all vendor equipment with
greater focus on project goals and procedures rather than speciﬁc
components.
2.5.3. Formal education
Formal education is the only method resulting in a recognized
achievement level, attained in the form of degrees or certiﬁcates.
Frequently a ﬁrm’s credentials must stand on the number of pro-
fessionals with degrees and their ﬁelds of expertise. Formal edu-
cation does not always provide the speciﬁc training required by a
new system or technology and may not be timely. Additionally,
colleges and universities may not be conveniently located to em-
ployees or offer schedules conductive to employee work
schedules.
2.5.4. Self-taught training
Self-paced training warrants serious consideration. In this type
of training several conditions must be present from the start: the
student must have some degree of proﬁciency either in the area to
be mastered or in an associated discipline, and, most importantly,
the student must have a sincere desire to learn. Many employees
ﬁnd self-paced training useful, using some of the distance-learning
techniques described above. Although each of the methods is sa-
tisfactory, the appropriate training method must be determined on
the basis of individual employee requirements. Curricula and
teaching aids have to be developed for all the personnel, from
planners and managers to research workers and teachers, pro-
duction personnel and the technical support staff. The wide
spectrum of these groups makes it impossible to design standard
curricula. This has been well presented by Porto et al. [62].
Demonstration packages, reference manuals, handbooks, and
case studies form some of the most powerful training tools. Few
users in Asian countries adopt aerospace technology without ser-
ious evaluation of the technology. Hence the initial contact and
continued liaison between the innovator and potential adopter of
the technology is very important, particularly in the early stages of
the transfer process. The ability to clearly explain the beneﬁts
(whether technological, economic, or social) of aerospace tech-
nology in an operational environment and to provide examples of
turn-key applications with the generation of usable products along
with advice on possible system conﬁgurations and stafﬁng needs,
are essential components of any package designed to demonstrate
the worth of the technology. For the potential beneﬁts of aero-
space technology to be fully realized requires the existence of
operational procedures producing credible results. Potential users
within the public or private sectors are not interested in risk tak-
ing or in using experimental or untried routines. A major factor
responsible for user adoption is the availability of clear examples
of successful applications and, in particular, ones that contain re-
peatable methodologies. This is supported by the case study ap-
proach adopted by many training organizations [37,51,63].
2.6. Quality of trainers
The lacking success of short course programs in the past twenty
years is a clear indication of the need for a more formalized ap-
proach to training of high technology products and services [64].
One can select the best aerospace expert in the world, and he
might be the worst teacher or instructor ever. Teaching and in-
structing are also professional skills. In our industry, there is a
tendency to merely select somebody for training duties without
considering their motivation or teaching skills. It takes years to
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teaching is a profession. However, it is still too common to take
anybody with the competencies of the trade and put them in a
classroom to teach everybody else. It might not be the optimum
way of doing things. Training staff must be provided with pro-
fessional training education. It will signiﬁcantly improve the out-
come of training.
Thus it is clear that innovators of a new technology are not
always the best teachers or perpetrators of that technology. The
instructor must have a solid grounding in the fundamentals he or
she is trying to teach. The present training activities for aerospace
technology should consist of the following:(1) Universities and other educational institutions provide edu-
cation as part of standard curricula or as separate programs;(2) Aerospace research centers, established for applied research
and for its introduction to user agencies;(3) User agencies are conducting short courses in the application
of the technology;(4) Private enterprises, such as aircraft manufacturers, space/sa-
tellite construction companies and independent research la-
boratories and institutes are occasionally organizing work-
shops, seminars and on-the-job training on a contract basis,
often as part of a development project.The total training effort is of great value to countries that are in
the position to have their people educated/trained, but the current
situation has some disadvantages. Various training programs lack
coordination [65]. Developing countries may have problems due to
temporary over-supply of educational opportunities offered in an
incoherent manner. Educational and training efforts tend to be
directed to the top strata of the professional pyramid. More needs
to be done to inform the opinion leaders and decision makers as
well. Current training programs respond often solely to immediate
needs, or are too strongly based on past experiences, instead of
forming part of a long-term educational strategy or personnel
development plan. Much is to be said for further strengthening the
South–South links. In other words, for those Asian organizations
relatively far advanced with the introduction of aerospace tech-
nologies to pass on their knowledge by training surrounding
countries.
2.7. Budgetary issues
Most university institutions in Southeast Asia have not been
able to ﬁnance the establishment of adequate facilities in order to
cater to student needs, nor have they designed programs that
provide comprehensive training at both the undergraduate and
post-graduate level. Attempts by individual faculties or schools are
often less than successful because neither the time nor the re-
sources are available for meaningful training to occur. Financial
commitment to education and training in this ﬁeld however, has
been limited in the past, lacking any overall strategy at either the
government, industry or institution level. Few governments, be
they national or regional, have committed sufﬁcient funds to allow
aerospace technologies to become fully operational, let alone
provide sufﬁcient money for the necessary training of personnel.
Private industry groups, such as the large multi-national aircraft
manufacturers have committed substantial amounts to im-
plementing relevant technology and to the training of their per-
sonnel, but only in certain Asian countries with low-income wages
[49]. Much of this training, however, has been in-house or else
‘within’ the industry and has not necessarily beneﬁted other
training institutes and the general user community. Severe ﬁ-
nancial constraints on university expenditures over the last ten
years (and at the regional centers) has meant that few institutionshave committed sufﬁcient funds to establish adequate facilities to
meet the growing demands of both undergraduate and graduate
education. One-off grants or the purchase of a single piece of
equipment by individual departments together with the failure to
appoint academic staff with relevant qualiﬁcations, all point to the
lack of any overall strategy to promote teaching and research in
aerospace technologies. Until such time as sufﬁcient potential
users become actual adopters of the technology and thereby create
a demand for trained and capable personnel, the developers of
that technology and agencies committed to technology transfer
may be required to support and fund the establishment and
maintenance of training programs in aerospace technologies. Costs
and fees for attending the various courses in this ﬁeld, and training
seminars abroad vary widely. In some cases, participants or their
sponsors have to provide only travel to and from the location of a
course or seminar; in other cases low (nominal) to high fees (to
cover operating costs for the courses concerned) are charged. In
general, the costs for the educational infrastructure, including in-
vestments and overhead charges, are covered by the institutes
themselves or are supported by subsidies from national/interna-
tional agencies. Under these conditions, it is difﬁcult to estimate
the real costs involved in education and training in aerospace
technology. One of the few papers on this topic is by Curran et al.
[66]. It is therefore equally difﬁcult to estimate the ﬁnancial con-
sequences of the recommended expansion of education and
training capacities to conform better with the high demand for
training in all aspects of aircraft design, manufacturing, main-
tenance, plus the rapidly increasing demand for small satellites for
many critical applications such as natural disaster monitoring in
the Asian region. How to estimate the economic/social beneﬁts to
be derived from the ﬁnancial resources provided for education and
training? No published data is available to permit a comparison of
costs and beneﬁts for an average academic education and in-
tensive post-graduate studies, which are often attended by mid-
career personnel. Some of these ﬁnancial issues are well described
in Soggi’s book [49]. Development of an aerospace facility involves
competing pressures on limited budgets to maximize hardware
and software capability, hire the best people, provide adequate
training and support operations. Training is often one of the worst
hit parts of this process when budgets need to be met. As most
vendors tout their hardware and software as ‘easy-to-use and
maintain’, why should one need a long term training commitment
and maintenance contracts? Those responsible for successful im-
plementations of aerospace technology in Asia know that sophis-
ticated technology needs considerable training time.
This has been realized over the past years in Asia, and has re-
sulted in the establishment of two important organizations sti-
mulating education and training in the Asian aerospace sector.
These are APSCO (www.apsco.int): Asia-Paciﬁc Space Cooperation
Organization, with some eight Asian National Space Agencies in-
volved and APRSAF (www.aprsaf.org): Asia-Paciﬁc Regional Space
Agency Forum, with more than 550 organizations as members.
Both APSCO and APRSAF have developed training programs, both
short term and on thematic aspects of aerospace.3. Discussion and conclusions
The role of education and training in the establishment of a
sufﬁcient degree of AC in NIC’s is substantial and forms a funda-
mental part of a nation’s ability to establish and further cultivate
AC on a national or organization-speciﬁc level. As can be derived
from the analysis of education and training in relation to AC as
described in Section 2 of this paper, successful ITT and the sub-
sequent absorption of technology and knowledge into recipient
organizations in NIC’s depends prodigiously on the willingness
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dividuals discussed above. An increased necessity to capture the
complexity of establishing and cultivating AC across a wide range
of aerospace organizations and individuals from a holistic per-
spective drives the central aim of this paper. A pragmatic holistic-
based approach through appropriately tailored practical training
for the identiﬁed groups and individuals taking into account the
seven aspects pointed out, may lead to an enhanced ability to
establish and strengthen the AC of new aerospace technology in
NIC’s by developing more relevant policies on education and
training. Ely et al. [67] have described several useful approaches to
enhance such international development co-operation. The in-
herent transformative nature of advances in aerospace and space
technology demands the continued cultivation of a NIC’s (or or-
ganizations within these nations) AC. AC never constitutes a static
infrastructure but ideally exists in a ﬂuid state, constantly ac-
celerated and strengthened by a holistic-based constellation of
education and training to ensure an optimum utilization of human
capital. A good example of this is the International Civil Aviation
Authority’s education and training policy, consisting of the fol-
lowing characteristics: Recognition of beneﬁcial training offerings
and best practices by other aerospace stakeholders; the develop-
ment of speciﬁc training packages to meet aerospace priorities;
and greater cooperation with Member States, United Nations or-
ganizations, international and regional organizations, and educa-
tional institutions. As we have seen in Section 2, there is a strong
need for better policies on training standardization, capacity
building, course development and instructional staff training. By
leveraging a comprehensive network of leading and reliable
training institutions to support the development and delivery of
training and to provide truly global access to affordable and
competency-based training packages, such training policies will
have more chance to be successful. Such a network will ensure
that industry players will enhance the exchange of best practices.
The extensive literature review and internet research revealed
surprisingly few papers that translate these vital issues from
theoretical scrutiny into education and training policies that have
practical value. The preliminary evidence in the paper by Guerzoni
et al. [68] on technology policies, including education and training,
for enhancing AC, have the most impact when different policies
interact. This article has therefore provided a practical template for
both policy-makers and practitioners in aerospace, which may be
utilized as a prototype to coordinate relevant aspects of education
and training in ITT projects and the subsequent absorption of
technology and knowledge across a wide variety of actors and
stakeholders in the aerospace and space realm. In addition, we
encourage discussion on a related range of questions providing
further avenues for research. The actual coordination between
education and training efforts in a holistic-based approach in the
establishment and cultivation of a ﬂuid and inter-dependent
constellation of AC on organization-speciﬁc or national level de-
serves increased research and subsequent translation into prac-
tical policies. Another important path for research could be the
actual selection criteria of trainees participating in education and
training efforts as existing patronage systems tend to impede se-
lection based upon talent, competence and skill in Asian NIC’s.
Regional and local characteristics of particular Asian NIC’s were
not speciﬁcally included in the paper’s scope, but these localized
aspects certainly provide relevant paths for further diversiﬁed
studies in the establishment of practical guidelines for establishing
appropriate education and training policies in the aerospace sector
across industries and nations.Acknowledgments
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